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Abstract of JP9316611 

PROBLEM TO BE SOLVED: To produce a martensitic steel for a line pipe showing sufficient 
corrosion resistance not only in an environment of carbon dioxide but also in an environment jointly 
contg. hydrogen sulfide, fiirthermore excellent in weldability and toughness in the weld zone and 
moreover excellent in high temp, tensile strength. SOLUTION: This martensitic steel has a compsn. 
contg., by weight, <=0.02% C, <=0.5% Si, 0.2 to 3.0% Mn, 10 to 14% Cr, 0.2 to 7.0% Ni, 0.2 to 5.0% 
Mo, <=0.1% Al and 0*0.07% N in ranges satisfying (Cr%)+(Mo%)+0.1(Ni%)-3(C %)>=12.2, (Cr%) 
+3.5(Mo%)+10(N%)+0.2(Ni%)-20(C%)>=14.5 and 150(C%)+100(N%)-Ni-Mn<=4, and the balance 
substantially Fe. 
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(57) imm 

<o»ttt=«i, $ 6fctt»S3l3B l )fc:«>ftfifc?'f 

[«ft¥&J C : 0.02wt%OT, Si : 0.5 wtftgl 

T\ Mn : 0.2 ~3.0 wt%, Cr : 10M4wt%. Ni : 0. 
2 ~7.0 wt%. Mo : 0.2 ~5.0 wt% N Al : 0.1 wt% 
OT. N:0.07Nt%J£lT*. 
(Cr%) + (Mo%) + 0.1(Ni»-3(CX)^12.2 
(Cr%)+3.5(Mo%) + 10(N%)+0.2(Ni%)- 20(C%)S14. 
5 

150(C%)+100(N%)-Ni-Mn^4 



(2) 
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C :0.02wt%WT. 
Mn : 0.2 —3.0 wt% N 
Ni : 0.2 —7.0 wt% % 
Al : 0.1 wt%tTr\ 



Ti :0.15wt%JilTs 
Ta:0.15wt%OT. 



Si : 0.5 wt%OT. 
Cr : 10— 14wt% s 
Mo : 0.2 —5.0 wt%, 
N : 0. 07wt%OT£ . 



(Cr%) + (Mo2) + 0.1(Ni%)-3(C%)^12.2 
(Cr%)+3.5(Mo%) + 10(N?;)+0.2(Ni%)- 20(C%)^14. 
5 

150(C»+100(N%)-Ni-Mng4 

C : 0.02wt%ITF, Si : 0.5 wt%UTr\ 

Mn : 0.2 -3.0 wt%, Cr : 10— 14wt%. 

Ni : 0.2 — 7.0 wt%. Mo : 0. 2 —5.0 wt%, 

Al : 0. 1 wl%&.T. N : 0. 07v)t%&T 

tahWz 

Cu : 2.0 wt%WT. Ti : 0. 15wt%OT. 

Zr : 0. 15wt%WT. Ta : 0. 15wt%lTr\ 
Ca: 0.006 wt%OT 

^ 5 *>frt>MA,tz 1 St£ fctt 2SKLhS- , 

(CrZ) + (MoX) + 0.1(NiZ)+3(CuZ)-3(C%)S12.2 

(Cr»+3.5(Mo^) + 10(N%)+0.2(NiZ)- 20(C»^14. 

5 

150(C2)+100(N%) -Ni-Mn^4 
SiBJ6-f*«HC*J^T**L, »»ttlW«fcFe<afl 

fiJttc^r s »&tt*$ i Mgtt tflHut u 

C : 0.02wt%JMT. Si : 0.5 wt%J3lT\ 

Mn : 0.2 -3.0 wt%, Cr : 10— 14wt%, 

Ni : 0.2 -7.0 wt%. Mo : 0.2 -5.0 wt%, 

Al : 0. 1 wt%JMT> N : 0.07wt%OT£. 

(Crt) + (MoZ) + 0.1(Ni%)-3(C%)^12.2 

(Crt)+3.5(Mo%) + 10(NS!)+0.2(Ni%)- 20(C%)S14. 

5 

150(C»+100(N»-Ni-Mn£4 
<ti>V^-fn*»iaS:(0.8 Nb+V) :0.02-0.20wt% 



m*m4 ] 

C : 0.02wt%kTF. 
Mn : 0.2 —3.0 wt%, 
Ni : 0.2 —7.0 wt%, 
Al : 0.1 wt%fcTr\ 

%t>rft,z 



Si : 0. 5 wt%UlT\ 
Cr : 10— 14wt%. 
Mo : 0.2 —5.0 wt%, 
N :0.07wt%WT 



Cu : 2.0 wt%tlT. 
Zr : 0. 15wt%iM~r\ 
Ca : 0.006 wt%OT 

<D 0 3LC*f 1 St fc« 2SWJ:£ . 

(Cr^) + (Mo» + 0.1(Ni%)+3(Cu%)-3(C%)^12.2 

(Cr%)+3.5(Mo%) + 10(NZ)+0.2(Ni%)- 20(C%)^14. 

5 

150(C%) + 100(N%) -Ni -Mn^4 
£ ilfi-T I. ieffltcfe V > X #W L . *>oNbfc J; V V <o^«Sr 
<fct»0-fil*»iaSr (0.8 Nb+V) : 0.02-O.20wt% 
<0«HT#?rU «3l5{llHt«fcFeWffljS{c:*6H4tt 



[000 1] 

^ri7^f>^ r-fltwu mzzvm-m&kv 

[0002] 

u>#f*. «wf. mmm%t\ ku^r 
[0003] mtam& s s-^atc-a-tf #f# 

S ;fi4 <7)X' . BWt#K t LT'f >t w -<rmmffi h 

[0004] i8AttTOW3*>. LT«±Cr^l3 

iWiwttflyk** *trawifcate s ^At . i3%c r 

M(CHo. Ni^Sr^DL^WC^^E^J^tt (WS 

sett) mtitzmm-mmnx^h (mtimm 

K60-174859-f^|g) . 

[0005] 7 y^M rffltmk LTti. API 
ffltS^. CM5-fSSL^12%Cr-7^y-9-^ Mxfy 

uxmtm% ztix^&w. nmmi&nmz'mts x v 

fflWWttte* 4 Z b frh , HR {i« ^ if^ffl § ilT 
V^^. -LIB L JtNi . Mo3f$-£t?13%Cr£3ti, fS 
grtt££< ^mihtLX^^tiib. *<7)&£y4 V 
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xit. mmmz&ti. fr-om&mzi>mti$>-ttxf> 

izz&k^oftmm^tz. 

i o o o 7 ] . 7-r >w 5» 

t L/C. am 7*c0^ia^S5-±(f fc 0 . £9* 

[0008] 

&mmm^mx%< , m-mm+ftti&^m 

[0009] 

mmmm-ztzib^m ±fs 

OBW£iSfct^<^1W££fifcjfc*SS, v 13 
%Cr$1 K £ ^ T . CtJilfNftSrBf^U^* tfiW 
4i:*t, Ni, Mo s Sfe(Ctt*flfllBSjKafC**Ti, 

mvtuttf. mmuzsm^mmzmt. m^x^ 

Wsx-b hzt cotan. Sr »fc . z oaHWi , ±R<*>ai&fc 

[0010] t=5r^*>. i<055WoBB»K»i»:<Of:*J 

1 . C : 0.02wt%feTr\ Si : 0. 5 wt%J2Tr\ M 
n : 0.2 —3.0 wt%, Cr : 10— 14wt%. Ni : 0.2 — 
7.0 wt%. Mo : 0.2 -5.0 wt%. Al : 0.1 wt%& 
T. N : 0.07wt%fcTF£. 

(CrZ)+(MoZ) + 0.1(NiZ)-3(CZ)^12.2 
(CrZ)+3.5(MoZ) + 10(NZ)+0.2(NiZ)- 20(C%)^14. 
5 

150(CZ)+100(NZ)-Ni-Mng4 

/l-r^lM MS (Sl*!H) . 

[00 11] 2. C : 0.02wt%irF, Si: 0.5 

wt%£lT\ Mn : 0.2 —3.0 wt%, Cr : 10— 14wt%, 
Ni : 0.2 —7.0 wt%. Mo : 0.2 —5.0 wt%, Al : 0. 



1 wt%fc!T\ N : 0.07wt%kTF&^tf£Cu : 2.0 

wt%U!T, Ti : 0. 15wt%WT, Zr : 0. 15wt%tl 

T. Ta : 0. 15wt%tlT. Ca : 0. 006 wt9$J3lT<0 0 

*>frt>&A,t< 1 2 Slilb §• . 

(CrZ) + (Mo%) + 0.1(NiZ)+3(Qi»-3(C»^12.2 

(CrZ)+3.5(MoZ) + 10(NZ)+0.2(NiZ)~ 20(C!S)^14. 

5 

150(CZ) + 100(NZ) -Ni -MnS4 

mzzm&ft&xvmmmz&tifzyj v>u rm-? 

[ 0 0 1 2 ] 3 . C : 0.02wt%OT, Si : 0.5 

wt%&T. Mn : 0.2 —3.0 wt%. Cr : 10— 14wt%. 
Ni : 0.2 —7.0 wt%. Mo : 0.2 -5.0 wt% s Al : 0. 
1 wt%WT, N : 0.07wt%OTS\ 

(Cr%) + (MoZ) + 0.1(NiZ)-3(CZ)^12.2 
(CrZ)+3.5(MoZ) + 10(NZ)+0.2(NiZ) - 20(CZ)^14. 
5 

150(CZ)+100(NZ)-Ni-MnS4 
i ft&t S HHfcts v #W L , *>oNb£ J: t>' V <%J«3r 
< tt)V^fl*>liS^(0.8 Nb+V) : 0.02-0. 20wt% 
<A«HT£*U »a{iSHfWt:Fe«offlje{c«rSWAe 

[00 13] 4. C:0.02wt%OTs Si : 0.5 

wt%tlT. Mn : 0.2 -3.0 wt%, Cr : 10-14wt%. 
Ni : 0.2 —7.0 wt% % Mo : 0.2 -5.0 wt%. Al : 0. 
1 wt%lilT, N : 0.07wt%tlT : 5:^y(CCu : 2.0 

wt%OT. Ti : 0. 15wt%J^T. Zr : 0. 15wt%tl 
T. Ta : 0.15wt%felT, Ca : 0.006 wt%ttT?>0 

^<omLH i mttzit 2aii±£ . 

(Crt) + (MoZ) + 0.1(NiZ)+3(CuZ)-3(CZ)S12.2 
(CrZ)+3.5(Mo%) + 10(NZ) +0.2(NiZ) - 20(CZ)^14. 
5 

150 (CZ) +100(NZ) -Ni -Mn^4 

£ M&t S KHK 13 v ^ T L . *^oNbfe i V VffyJ?* 

<htVi-fft*>iaSr(0.8 Nb+V) : 0.02-0.20wt% 

vimmx'^i, mmtmnmzpenmuz* hm%& 
H£mmmzfflxtzv4 vim rm^^ry^ h® 

[0014] 

mt£±.sZ(r>mzmfeLfzmMz^^xmwt& . 

C : 0.02wt%JilT 

0.02wt%JJlTt-f h'J&gtfb&Z bfrb. Cfl:(i0.02wt 

xartzmfeifz. 



[0 0 1 5] Si : 0.5 wt%WF 

SHI, WBfflt IxmaZtLhtf* 7xy4 htefcyvm 

<0&u 0.5wt%jaTfcB8£Lfc. 
[0 0 1 61 Mn: 0.2 -3.0 wt% 

fflSrjcST**. U>L=5r#£>, 0.2rt%fcSi 
fcfcv*fc*OS&M&*fc£L<» 3.0wt%£j@;iT 

ffih\iixi>z<7)%)mimuzmt&<?>x\ Nnsa 0.2- 

3.0 wt*<o«Hfc:fi|}gl,fc. 

[ 0 0 1 7 ] Cr : 10~14wt% 

mm-mxh*,. i^ut*^, \^t%^nx.x^ 

a m^^Lxnuz^mco^-xy-i-A b$u&. 
jmnmW'mttc*) . axvmbtchox. cr*i 

10-14wt%<?)KB£l®5t Ltz . 
[0 0 18] Ni :0.2 -7.0 wt%WT 

mwznotmz, tmtfxm&nz mz> watt . 
o.2wt%tLh^»*wcj)^.. 4^. Ykmmmm 

m^zixMmzm&iziz&mfflcvimitf 

iMli:*4ffl, 3Xht)K<!flri. fl!->"C. NiJItt 0.2 
-7.0 wt%co®ffltKSL^. 
[ 0 0 1 9 ] Mo : 0.2 —5.0 wt%OT 

Mod. WSSCttflto±(c*flKr^'C**j& t . £tf>$) 

2u 5.0 wt%Sr®xT^WtSfc7x7^ btf£]&l& 

<%z>mx%<. mssc&\m±izttixi>$>£ 

h<T>X\ 0.2 -5.0 wt%O^HfcR8SLfe. 
[0 0 20] Al : 0.1 wt%WT 

zmi&mmm&vi&Tzmigzi-ox'. 

0. lwtKJSlTtMRBUfc. 
[00 2 1] N : 0.07wt%ljtT 

Pita kmmmM^w<m £ tii-es s*? 

Lfc. »4L<tt«Hli0.05rt%JaTT'*S. 
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[0022] tih, &tmjHz~?^xmwitztK Z<T> 

fffltltZ Uz&.TiZi&K&7miz<O^X t , ££££ 
Cu : 2.0 wt%tlT 

Cull, Ni, Mnt^jf-^r-f^ h£fi!cjc3?i: LTC , 

I). *fc. lffl»^*JJ:^«Hbl****t*«W|-C<!OiB 
fLttt^fiiKi L*>Wr* { <^ 2.0 wt% 

»i^iMM^tt(cJiiiMi**ajr<*<o"C. cud 

2.0wt%IilTff^L<<i 0.2-0.7 wt%c/)iEHT'^§ 

[ 0 0 2 3 ] Ti : 0.15wt%JTr\ Zr : 0.15wt%iiTr\ T 
a:0.15wt%OT 

Ti, Zrfcit/TaJi-efim. itflfflSOWWttlfiJ 
iCWSMtfBrW- S . Cr«ft!ftSrTi, Zr, Tac7)« 

U>l&#^vf*ti. 0.15wt%«ri8i"CiSJirt4 4:* 

z t , ^n^-'ixo. i5ut%aTff)smxfmth 

l>cr>kltz. 

[00 24] Ca: 0.006 wt%iilT 

Llttfb. O.OOG»it%£mixmtiZtl&b7yZf- 

T, CaJi 0.006wt%jaTW«IUcRjeLfc. 
[00 25] (0.8Nb+V) : 0.02-0. 20wt% 

t^rffl^TcST&l). L*»L=Sr*<<5>» (0.8 Nb 

+ V) T'0.02wt%til/i^l^80-150 'CfcfcttSSa 
9tffi*W«-tS±-C£#?li$:<, -*0.20uit%$r^^. 
!>^PT1i$Sttc7)^tSrtg<tf0T', (0.8 Nb+V) TO. 
02~0.20wt%*f £ I < (10. 03-0. VZ^WffiSX'ttZ 
■£&i>0)b It:. 

1 0 0 2 6 ] JjLh, Wffllft^Krp^TWiBLfc* 1 . C« 

(Cr^) + (Mo» + 0.1(N«)-3(CX)S12.2 (SB1 , 3% 
Bfl) *fctt(Crt) + (Mo» + 0.1(NiX)+3(CuZ)-3(C» 
£12.2 («2, 43MU) 

i OJMW) B WW-o i: LT . DfflWf ^ tJ i t^*flSSl 5r 
•ti:* Z b tf^%)X\ ZntiMzteCrnmM.b&lz, Mo<7) 



(4 
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•rh^mifihi. *zv. mfm#Am&mzm-z>fr 

-C#7c3t Sr £$r § * & $>ZZb tf%M § titz . 
[0 0 2 7] (Cr%)+3.5(Mo%) + 10(N»+0.2(Ni»- 
20(C%) 2*14.5 

?L^tttS(?-r^S^#V>Cr, Mo, N, Ni, CfcOU 
[0 0 28] 150(C!D+100(N%)-Ni-MnS4 

mLx^&cox\ mm & mmx$> & . w(=aie ? >r 

* ^ i fc a«ft hj§ ^ tuz <r>xhh. 
[0029] aa, TO^dfeWcPtsJttf sump 

P : 0.05wt%WT 

K»i £&s'1-<ot\ o.o5wt%jaTtt a £ t tmt 

S : 0.005 wt%OT 

«*<0T, 0.005 wtSCISlTlC'^6ii:*»ff*U\ 



[0030] JJEaJS^dh^KSRUrflWi, «it 

fibtiixm*b%mBim§wkijmx'm?g?& 

[003 1] 
£ttffl 1 

* : 15mm(7)»jHf i; 3l£3i#. *t#Aft. M£ t> 

Ztlt><?>fflmzttLX . JIS-3158^figSfL-CV^» 

K^WASSUtt, h ? 3.0 MPacO^g^ 

^Srt&ffi^-frJtmNaCltft. #ff#»&8]RUS 3.0nun 
x25mX50™z>iflRtf-£«aiU 80*CT'7 BHfttWS 
ittCi D?T->£„ S SCS£SMiNACE-TM 0177 method 
AKJIItfc^raKil-CfFfllt-fe. KMi. 5»Cl+0. 
5%CH 3 C00H ^jScOpH&CH 3 000Na®!lDtJ;-3r 3.5KH 

fc. #W^(±85%SMYS-CMTOra«i 720«IBT*6. 

«0^L=5r*»-3Jti><0S:O, f&£U£i<7)£xT'3lL 
fc. KS^J»ftaug«fl^*¥!ll!lrt4RR»fii:fCtt 
0.127iim/yr£$fflLfc. $4>fcS SC^S&fcOWCte. 

[0032] 
[*1 ] 



d i a. 



(6) 
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WSJ. 




<fc * a as (,tm 


• 

\ (1) A 


(2) 3 


(3) 3C 


m n 


C 


SI 


fa 


A! 


Cr 


Ni 


Ho 


N 


Ca 


* « ft 




1 


0.010 


CL25 


0.44 


0.02 


12.1 


186 


L02 


a 024 


a 49 




1 1 7 70 
1 H. It) 




0. 4 




2 


0.014 




a 47 


a 02 


12.9 


4.06 


0.95 


0.047 


— 




J 1*. JU 


la qj 


Z Z7 


4HT l 

Wl 


3 


a 013 


a 24 


a 4s 


0.02 


1X1 


1.15 


0.52 


0.025 


050 


Mb:a047 


[ la. oj 


15. 83 


41 OCT 

2.85 


Jff3y£9) 


4 


a cos 


0.25 


a 45 


a 02 


12.2 


5.12 


2.02 


aoio 




Ir: 0.016 


1 IT fi£ 


i □ to 

iy. vi 


— i 82 


JP2S5W 


1 5 


0.009 


a 26 


o.u 


ace 


10 7 


1. 47 


1.55 


aois 






[ 11. Ca 


10. JO 


0. 94 


4 1 SUB 

* I Jew 


6 


aooB 


0.23 


0.46 


0.02 


11.2 


1.18 


a 9i 


a 023 


a si 


Ta: 0.031 


| 14. UU 


14. OC 


1. OP 




4 


a ou 


0.21 


0.51 


a 02 


11.0 


a 80 


1.47 


a 03i 


0.24 


Ct:a002 


1? "W 


1R 0? 


1 Ort 




8 


0.016 


0.20 


a so 


0.02 


11.9 


195 


2,24 


aou 




Ti :a022 




Cd. cA 


U. 3b 


99 


9 


a 007 


a20 


a 50 


0.01 


11.6 


3.53 


1.56 


a 012 




v ; aoi2 


1= 10 

is. «o 


17 0C 


_ 1 Tfl 
1. IB 




10 


0.019 


azi 


a si 


0.02 


12.1 


4.07 


1.93 


0.011 




Kb : a 015. Ti : a 043 


la 52 


18.74 


-a 63 




11 


0.003 


aig 1 


0.49 


0.03 


11.8 


4.73 


195 


0.015 




ffb :a(J2a Zr ; 0.035 [ 


ia 21 


25.57 


-2.58 


m 


12 


Q.PZ7 


a2i | 


1.49 


ao2 


1L8 


0 99 


0.38 


0.026 


0.58 




14.55 


1105 


4JI 




13 


aoi2 


0. 19 


1.51 


0.02 


11.9 


a 98 


1. 14 


0.053 






12.04 


16.42 




* 


14 


a on 


a 20 


1-53 j 0.03 


_9^_! 1.20 


ago 


a 012 


r 




10.49 


12,40 


0.12 


ft 


15 


a 012 J 0.19 | L50 I a 02 


13.1 0.75 


a 37 


0.011 


0.45 jflb: 0.025 j 


15 24 


14.27 


0.65 


n 


16 


0.011 ! 0,22 j 1.48 j a 02 j 


12.1 0.01 1 


0.91 


0.013 | 






12.03 


15 53 


1.46 : 


ti 


_17 
18 


o.oi9 ! a 19 ; i.5i i 0.02 « 


11.9 | 1.66 ! 1.43 ! 0.055 j - 




1167 


17.35 


SJS 


tr 


0.010 ; 0.22 .' 1.49 ! 0.02 ! 


10.5 , 1.39 .' 1.22 J 0.013 , 


ta -. o. on T 


12.00 


14. 92 


-0.08 


it 


19 


0,015 1 0.23 ! 1.49 ' 0.03 ! 11.7 ; J. 10 1 0.37 j 0.011 ' - 




12. BY 


12.98 


0.76 


AW 


20 


0.019 j 0.19 1 1.50 | 0.02 j 11. 1 { 0.89 1 0.11 10.012 \ - 


j 1102 


11,23 


1.66 





* CCrK) + Qto%) r 0. 1 <Hi%) r 3 
» (Cr*) +15 +-I0 (N90 + 

<** 150 (Cfc) + 100 CN*) - (Hi*) 



(CuK) -3 (CW 
0.2 -20 CC%) 
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[*2] 



No. 


* * 
91 ft 


(■■/yr) 




«S S Ctt 


1 


O 


0.017 


o 


o 


2 


O 


0.021 


o 


o 


3 


o 


0. 039 


o 


o 


4 


o 


0. 018 


o 


o 


5 


o 


0. 104 


o 


0 


6 


o 


0.086 


o 


o 


7 


o 


0. 088 


o 


o 


8 


o 


0. 031 

j 


o 


o 


9 


o 


0. 044 


o 


o 




o 


0.036 


o 


o 


11 


o 


0.012 


o 


o 


12 


X 


0.072 


X 


X 


13 


X 


0.106 


0 


o 


14 


o 


0.173 


X 


X 


IS 


o 


0. 06G 


X 


X 


16 


o 


0.134 


O 


o 


17 
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